I develop a factor content of trade prediction for the Heckscher-OhlinVanek model (HOV) that relates bilateral differences in country endowments to bilateral differences in factor contents. The results are striking. In comparisons of North-South factor contents or factor contents of countries with very different endowments (e.g., with very different capital-labor ratios), there is clear support for an HOV sign prediction. Thus countries with dissimilar endowment ratios also have very different factor content of trade differences as predicted by the HOV model.
I. Introduction
The question why countries trade is at the heart of international trade theory. In traditional, neoclassical models, differences between countries in terms of their technologies, their factor endowments, or their preferences determine countries' comparative advantage, and these differences, therefore, are essential to explain the international patterns of production and trade. In the Heckscher-Ohlin theory, still one of the major theories in international trade that has a long empirical tradition that started with the work of Leontief (1953) , differences in factor en-I thank Ufuk Demiroglu, Scott Freeman, Wolfgang Keller, Preston McAfee, Gerald Oettinger, Matthew Shapiro, Bob Stern, and especially Alan Deardorff and David Weinstein for helpful suggestions. I also benefited from discussions with Gordon Hanson and received in-depth comments from Dan Trefler (one of the referees). Earlier versions of the paper were presented at the University of Michigan, the University of Texas, the University of Toronto, York University, and the Boston Federal Reserve Bank. I thank Dan Trefler for graciously providing the data set. This research was part of my dissertation and was written while I was at the University of Michigan. It was made possible by the generous financial support of the Belgian National Fund for Scientific Research and the Belgian-American Educational Foundation. dowments between countries are critical. For a world of many goods, many countries, and many factors, these differences predict the factors contained in a country's net trade. A capital-abundant country, for example, should, on net, export capital through the goods that it trades with the rest of the world, and a labor-abundant country should export labor. There is a huge gap between the capital-labor ratios and the skilled-unskilled labor ratios of developed and developing countries. Therefore, North-South trade should be the primary illustration of endowment-driven trade, and the factor content of trade from developed and developing countries should be very different.
However compelling these predictions may be, the recent empirical literature based on Vanek's (1968) extension of the Heckscher-Ohlin model into higher dimensions offers little evidence to support these predictions. Wood (1994) states that North-South trade has not been directly studied in a Heckscher-Ohlin-Vanek (HOV) setting. Davis and Weinstein (2001) test the HOV model only for the relatively similar OECD countries. And Trefler (1995) , whose test includes both developed and developing countries, obtains the weakest results predominantly for countries from the South that mainly trade with the North and whose endowments are very different from the world endowments. These are precisely the countries for which we might think that the theory should be most relevant.
In the HOV literature, it is common to explain a country's factor content of trade by relating a country's endowment to the world endowments. In this paper I develop a prediction of the factor content of trade that relates bilateral differences in endowments to bilateral differences in factor contents. In particular, I introduce factor endowment ratios in the country pair approach that has been employed by Staiger, Deardorff, and Stern (1987) , Brecher and Choudhri (1988) , and Hakura (1995) . This particular setup allows me to compare endowments and factor contents of developed and developing countries directly and to do so for two factors at a time. My prediction yields qualitative results that cast a different light on the literature and bear out the basic HOV intuition mentioned above.
The HOV literature has a history of poor performances that started with Maskus (1985) and Bowen, Leamer, and Sveikauskas (1987) .
1 Trefler (1995) states that he can only half of the time ("a flip of a coin") predict the sign of a country's factor content of net trade on the basis of its own and the world's endowments, which is devastating for HOV. In addition, he reports how weighting the signs improves this (unweighted) sign test result from 49.5 to 71 percent. It has often been overlooked that Trefler's weights depend on the size of the factor content. Therefore, the improvement is driven by the above-average performance of the six biggest industrial nations. At the same time, the weighting reveals the below-average performance of the countries for which endowment-driven trade was thought to matter most, that is, the non-OECD countries.
My results differ significantly from these findings. Using Trefler's data, I find that more than 70 percent of over 3,000 country pairs support an (unweighted) sign prediction of the HOV model that is based on endowment ratios. The results are even more striking in comparisons of pairs of developed and developing countries that are very different in terms of capital-labor and skilled-unskilled labor ratios. In about 80 percent of these country pairs the HOV sign prediction is confirmed. If one explicitly includes the factor content of North-South trade, the data match the sign prediction up to 90 percent of the time. Moreover, I also study factors such as land whose abundance does not coincide with the distinction between developed and developing countries. Therefore, my findings support the more general statement that whenever countries' factor endowments are very different, their trade will reflect very different factor contents.
Sign tests are an integral part of the empirical evaluation of HOV. They are meant to provide basic evidence in support of HOV. Therefore, getting sign predictions right is important. There are two critical reasons for the better performance of HOV in my specification. First, my prediction is much less sensitive to technological differences between countries than the specification that Trefler chooses. Therefore, I can test whether the very different endowments of developed and developing countries are related to the differences in their factor contents in a systematic way, irrespective of the significant Hicks neutral technological differences between them. Second, Trefler compares for one factor at a time the level of a country's endowment with that of the world to predict a country's factor content of trade. My HOV prediction, however, is based on a comparison of the ratio of two factor endowments from two countries. Note that there is far more variation in endowment ratios across country pairs than there is between a country's endowment and that of the world for one factor at a time. Therefore, by investigating two factors at a time, I can test the theory where the signal from the endowments is strongest. This is a plus since the work by Trefler (1995) and Davis and Weinstein (2001) has shown how difficult it is to account for noise in the HOV model.
The rest of the paper is structured as follows. In Section II, I develop a factor content of trade prediction that considers two factors and two countries at a time. In Section III, I present the empirical support and interpret the results. In Section IV, I place the results in the context of the empirical research on HOV.
II. Relative Factor Abundance in a Country Pair Approach
The HOV model predicts factor contents of net trade for F factors, M sectors, and C countries. It assumes for all the countries of the world (1) identical homothetic preferences, (2) identical constant returns to scale production functions, (3) perfect factor mobility between sectors in a country, (4) free and frictionless trade with perfect competition, and (5) factor price equalization across the world. Note that I shall relax the second and the fifth assumptions in the implementation.
The starting point of the analysis is the following identity: where T, Q, and C are, respectively, vectors of net exports, output, M # 1 and consumption.
The equation states that a country c trades the part of its production that is not consumed. With identical homothetic preferences, perfect competition, and free and frictionless trade, countries consume a constant fraction s c of world production that is, 2 With F factors Q , C p s Q . and M sectors, there is also an technology matrix A whose ele-F # M ments a fm indicate how much of a factor f is needed to produce one unit of output in sector m. That matrix should be the same for all countries when there is factor price equalization and when all countries have identical constant returns to scale production functions. In that case, the vector of a country's factor content of net trade that in- * F fc dicates how much capital, labor, and so forth its net exports contain equals Also, with factor price equalization, identical technol- * F p AT. ogy, and full employment, the factor content of production AQ equals the endowment Consequently, under the HOV assumptions, equa- * V . tion (1) can be transformed into the standard HOV equation when the vectors T, Q, and C are premultiplied by A:
fc fc c fw Equation (2) relates for each factor f a country's net factor content of trade to its own and the world's endowments. I divide expression (2) by the income shares s c and define and to obtain * * Now consider equation (3) also for country and subtract it from (3), c which yields, after division of both sides by
In a final step, I take the last equation for a different factor and f subtract it from (4) to obtain the expression that constitutes the basis for our analysis:
I shall base a sign test on equality (5). In other words, I shall test whether the double difference in the factor contents of trade for two countries that is found on the left-hand side of the equality has the same sign as the double difference of their endowments on the righthand side. Note that expression (5) is particularly appealing since, as is shown in Appendix A, it is directly related to relative factor abundance:
( )
For any two factors f and a country c is said to be relatively abundant f , compared to country in the factor f when is larger than
It is easy to show that relative abundance uniquely determines V /V . 
sign test that is based on (5) should show whether or not the relative abundance of one country versus the other is revealed in the double difference of their factor contents. Because of this link with relative abundance, I shall refer to equation (5) as the relative abundance equation. Note that the relative abundance equation opens an interesting op-3 As emphasized by Brecher and Choudhri (1988) , such a country pair approach requires only that the assumptions of the HOV model hold for the two countries involved. They show (see their pp. 8-9) how one can derive a comparison of the net factor contents and the endowments between two countries (not unlike my eq.
[4], except for the division by the consumption share s c and by the sum of the endowments ) by assuming V ϩ V fc fc that only two countries have the same constant returns to scale technology, identical homothetic preferences, perfect competition, free trade, and the same factor prices. Note that instead of the assumption that in the two-country case it is sufficient domestic factor content of consumption (and trade) is based on the domestic input requirements of one of the countries, regardless of where the goods are produced. As Brecher and Choudhri remark, these Leontief-type measures generally differ from the "true" measures that are based on the actual input requirements in the country of production. See also Staiger et al. (1987) .
portunity to extend the analysis to groups of countries. Equations (5) and (6) 
a world in which HOV holds, and hence, the factor * * *
after multiplication by s G . For any G and the familiar equation (5) G for these groups of countries is
If one now splits the world into two groups, the North (G) and the South ( ), one can directly compare the factor content of North-South G trade. In that case the North's factor content of net trade should be the exact mirror image of that of the South. In the next section I shall discuss the sign test results based on the relative abundance equations for country and group pairs.
III. Empirical Results
Trefler (1995) studies HOV with six categories of labor, two types of land, and capital. For the implementation he bases the A technology matrix on the U.S. input-output total requirement table, and he also takes data on factor usage by industry from various U.S. industry censuses and the 1983 Annual Survey of Manufactures. I use his data to test the relative abundance equation (5). I distinguish four factors of 4 The reason why a summation of factor contents for a set of countries yields the appropriate factor content for that group is as follows. Consider group G, which consists of countries c and c . Define for country c as the factor content of its net bilateral trade * countries c and c can be rewritten as As and refer to * * * * * * *
the same bilateral trade, they should have opposite signs (i.e., country c's exports are country c 's imports), This expression represents the factor content of * * *
net trade of group G with the rest of the world. Note that this logic applies also when there are technological differences between countries, as long as the factor content of trade can be defined as A US T c . For a discussion of alternative definitions of the factor content of trade, see Antweiler and Trefler (2002) . See also Trefler and Zhu (2000) , who use a factor content of trade definition similar to mine.
production: capital, land, skilled labor, and unskilled labor. 5 These four factors generate six different ratios: skilled-unskilled labor, skilled labor-land, skilled labor-capital, unskilled labor-land, unskilled laborcapital, and capital-land. To these six ratios I add the capital-total labor ratio since this ratio is of particular significance for North-South trade. For each ratio I generate for Trefler's 33 countries all possible 528 country pairs. See figure 1. The first row of table 1 provides the basic statistics of the sign tests based on equation (5). It provides the percentage of corresponding signs in comparisons of the right-and the left-hand sides of the equation. Across all factors one obtains, on average, a sign correspondence of a little more than 71 percent. With such high percentages one can easily reject the hypothesis that the factor contents (the left-hand side) and the endowments (the right-hand side) are independent.
In the second, third, and fourth rows of table 1, I report a different set of statistics. I split the 33 countries into two groups. One group I call "the North"; it includes all the rich developed countries of the sample. The other group is "the South." 6 I give the percentage of sign correspondences for all 272 country pairs involving a country from the North and one from the South (North-South) and for all 136 country pairs of only rich developed countries (North-North) and finally the sign correspondences for the 120 pairs of only developing countries (South-South). There is an interesting pattern. I first discuss the number of times that two countries' relative abundance is revealed in their factor contents for the factors that are typically associated with HeckscherOhlin and North-South trade: capital and labor on the one hand and skilled and unskilled labor on the other hand. For both endowment ratios the percentage of matching signs is substantially higher for NorthSouth than for North-North or South-South country pairs. Sign correspondences of up to 83.5 and 77 percent are found for the very different countries from the North and South, whereas among the more similar countries in the North and in the South, the HOV prediction barely does better than a toss-up.
I also report the results for the other five factor ratios. The previous North-South pattern is clearly repeated for the ratio unskilled labor versus capital. In the other cases, one does not obtain such a striking difference between the performance of the North-South group and the 5 Skilled labor consists of professional and clerical workers. All other occupational categories are classified as unskilled labor. (Results are not sensitive to a slightly broader definition of skilled labor.) 6 There is no standard definition of the South. In this paper, the South includes any country that does not belong to the following group of rich, developed countries: Austria, Italy, the United Kingdom, Japan, Belgium, the Netherlands, Finland, Denmark, West Germany, France, Sweden, Norway, Switzerland, Israel, Canada, and the United States. rest. (For skilled labor-capital and capital-land, the North-South group does only marginally better than the other groups, and for skilled labor-land and unskilled labor-land, either the North-North or the South-South group outperforms the North-South group.) In other words, it is not the case that comparing a country from the North and one from the South yields higher sign correspondences across all factor ratios. Figure 1 suggests why one should not be too surprised about this result. The figure plots per capita GDP versus the various factor endowment ratios. Only for capital-labor, skilled-unskilled labor, and capital-unskilled labor is there a clear association between per capita GDP and the factor endowment ratio. It is exactly for these factors that the North-South group has superior performance. The obtained results suggest that the sign tests perform better the more different the country endowments are. Before I more formally address this point with probability regressions, I briefly explain the rest of table 1. So far, I have relied on HOV with its standard set of assumptions, including identical technology and factor price equalization. Trefler (1993 Trefler ( , 1995 has introduced factor-augmenting productivity differences in this setting to relax factor price equalization and to account for technological differences between countries. If a country's factors are only half as productive as in the United States, he divides its endowments by two to express them in U.S. productivity equivalents. Note that with factor-augmenting productivity differences, factor price equalization holds only in productivity equivalents. I follow Trefler (1995) I also propose a more formal procedure to show that the extent to which endowments differ determines the success of the HOV sign test, irrespective of country groups and factor pairs. I estimate a probability 7 In a personal communication, Trefler justified this stylized treatment of technological differences by arguing that technological differences across countries are much more significant than differences in productivity between various factors within a country, especially when developed and developing countries are concerned. I follow Trefler in this argument.
model
The dependent variable Y i equals one if
there is a sign match for a country pair and zero otherwise. The independent variable X i measures the extent to which the endowment ratios differ between two countries c and Three different measures c . are used. The first measure, X 1 , compares the absolute difference between endowment ratios:
The second measure, captures the relative magnitudes of endow-X , 2 ment ratios:
And finally, the third measure, is closely related to For each X , X .
3 2 country c, it gives the rank order of its endowment ratio with respect to all other 32 countries (1 is most similar to c, 32 most different). In the implementation I take the logarithm transformation of and X 1 X .
2
In table 2 the results are reported for probit, logit, and linear probability (ordinary least squares [OLS]) models. All measures of endowment differences are positive and significant at the 95 percent level in virtually all cases. The regression results indicate that the HOV sign prediction is more likely to hold as country endowments are more different.
Note that the skilled labor-capital ratio constitutes the only exception in table 2. The regressions fail to yield significant coefficients at the 95 percent level for this factor ratio. (Note that the sign test results for all country pairs were also the weakest for this factor pair.) This outcome is not too surprising since both factors are positively correlated; with per capita GDP, the share of skilled labor increases and so does the capital abundance. Consequently, there is less variation in the skilled labor-capital ratio than with other factors. The first row of table 3 shows the difference between the lowest and the highest ratio for all ratios of production factors. The second row provides the standard deviation for each ratio across country pairs. (I normalize by the value of the country pair with the lowest ratio.) In each case the skilled labor-capital ratio has the lowest value. Note that there is most variation when the factor land is involved, which explains the stronger sign test results. In other Source. -Trefler (1995) and own calculations. Note.-Dependent variable equals one if there is a sign match and zero otherwise. Each cell represents a separate regression. X 1 , X 2 , and X 3 measure the extent to which the endowment ratios of two countries differ. Source. -Trefler (1995) and own calculations.
words, the more variation across countries there is for a factor, the higher the sign correspondence for that ratio. Finally, I turn to the sign test results that are based on equation (7), with which I study North-South trade while aggregating country endowments and factor contents. I aggregate the northern countries into the North (G). The factor content of the northern countries reflects the factor content of its net trade with the South ( ). I then compare G the North's endowments and factor contents each time with those of one country from the South. I prefer this asymmetric specification in which I do not also aggregate all southern countries into one group for a number of reasons. First, while I have data for almost all the developed countries, I do not have data for the majority of the developing countries. In other words, by adding up the net factor content of all the developed countries, I can obtain the net factor content of the North with the rest of the world, that is, the South. With an incomplete set of developing countries, the net factor content of trade that is obtained by summing up the factor content of the available developing countries can never be the negative of the net factor content of the North (which it should be, at least in theory). Second, by lumping countries together, one treats them as one country. For the developed countries that share more or less the same technology (and one could even claim that there is a fair amount of factor mobility among them), this may seem justified. For the very heterogeneous group of developing countries that are certainly less integrated among each other, this is probably more difficult to justify. Therefore, I prefer to compare the North-South net factor content with the trade of one developing country at a time. 
IV. Assessment of the Empirical Results and Conclusion
Sign tests are an integral part of the empirical evaluation of the HOV model. Because they are relatively weak tests of the theory, their poor performance has often been interpreted as devastating evidence against the HOV theory. This paper presents qualitative results that are very different from the ones in the literature and that reveal a striking regularity. 9 In this section I explain what generates such different results. As I showed in Section II, the relative abundance equation (5) that I use for the sign test can be derived from the standard HOV equation (2) on which Trefler bases his analysis. Both equations do not hold exactly in the data. Therefore, a sign test based on one or the other equation does not have to yield the same result even though one ex-8 Note that the major part of the trade of a developing country occurs with the North. In 1985 about 73 percent of the exports of the less developed countries went to the developed countries.
9 Leontief's (1953) finding is perhaps the most prominent qualitative result in the literature that was revisited in an HOV framework by Leamer (1980) . Davis and Weinstein (2001) survey the other main results in the existing literature. Davis et al. (1997) study especially the production side of HOV for Japanese regions. pression follows from the other. (Kohler [1991] has made the point before that sign test results vary with test specification.) Nevertheless, one may wonder why the outcome is so different.
Technology is probably most different between developed and developing countries. In the previous section I discussed the sign test results when Hicks neutral differences, proxied for by a country's per capita GDP versus that of the United States, were introduced. My specification proves fairly robust to these technology corrections. As the empirical results in table 1 illustrate, introducing Hicks neutral differences hardly makes any difference for the actual success of the HOV sign prediction. (The results reported in table 1 also underscore that the Hicks neutral differences do not affect the North-South trade predictions of the relative abundance equation [7] for groups either.)
This observed insensitivity to technological differences is only in part the advantage of working with two factors at a time. Indeed, all factors of a country are affected by Hicks neutral differences in a similar way, and so wherever there are ratios, the technological differences will cancel. It is not difficult to show (see App. B) that if the term within parentheses on the right-hand side of equation (6) is positive (negative) without technological differences, it will also be positive (negative) with Hicks neutral differences. Note, however, that the technology corrections do not cancel on the left-hand side of equation (6). The data show, however, that the left-hand side hardly ever changes signs when Hicks neutral differences are introduced. Trefler's standard HOV equation (2), however, is very sensitive to technological differences. He reports how introducing Hicks neutral differences increases the sign correspondence from 49.5 percent to 62 percent. The fact that my specification is not so sensitive to technological differences is one important reason for the superior performance in the sign test. There is still another reason, however.
In table 3, I report, on the one hand, the ratio of the maximum over the minimum factor endowment ratio that I referred to before and, on the other hand, the standard deviation across country pairs per factor ratio (lowest ratio set to one). The capital-labor ratio of the poorest country is 137 times lower than the one of the richest countries, and the skilled-unskilled labor ratio of the most skilled labor-abundant country is about 16 times as high as that of the least skill-abundant country. In other words, there is a significant amount of variation in the ratios: Note that the huge variation involving land is partially driven by a few outliers such as the city-states Singapore and Hong Kong. The table also provides separately for each factor a measure of the variation between a country's endowment V fc and world endowments Both * V . if it is smaller than one) and the standard deviation. As one sees, especially for capital and skilled labor, there is much more variation for the specification in ratios. 10 A specification of HOV such as mine that more fully exploits the variation in the data should yield a more powerful test.
11 Finally, note another benefit from the specification in ratios. My HOV specification does not involve the world endowments. As such, errors due to the mismeasurement of the world endowments will be avoided. This reason has, however, less of an impact. The success of the sign test only marginally increases (from 49.5 to 52 percent matching signs) when one goes from the standard HOV equation to equation (4), which does not contain the world endowments.
Note that Trefler also reports a weighted sign test that yields the higher score of 71 percent corresponding signs. This result is sometimes referred to as an indication that the relation between endowments and factor contents is not completely random. To interpret Trefler's 71 percent sign matches, it is worthwhile to explicitly analyze the weights that Trefler proposes to improve the result from 50 percent to 71 percent. 12 Few have observed that the improvements are driven by six out of 33 nations (Italy, Canada, the United States, the United Kingdom, Japan, and Germany) that have above-average performance. Their weight is increased from 18 to 72 percent. This significant improvement implies that exactly the countries for which endowment-driven trade is thought to matter most perform worst. Indeed, the countries that do not belong to the rich OECD countries have a record of 45 percent sign matches. A justification for Trefler's weighting scheme may be the volume of trade. Indeed, these big developed countries are responsible for a major fraction of world trade. The HOV theory does not tell us, however, that the model should perform better for bigger countries than for others. Now consider my analysis of North-South trade, on the one hand, and the analysis of the trade of developed and developing countries on the other hand. Breaking down the sample into a North-North, SouthSouth, and North-South group unveils a striking pattern that is also supported by the probability regressions. The more different the endowments between country pairs are, the more different the differences in their factor contents of net trade are. One could rightly argue that 10 I report the variation in ratios since this is most easily related to relative abundance. The variation between the terms within the brackets of the relative abundance equation (6) is comparable. Note that extensive variation on the right-hand side of the standard HOV equation (2) by itself does not guarantee a successful sign test, since there are still substantial technological differences unaccounted for.
11 Note that there is also a theoretical rationale for considering my specification. The HOV theory characteristically includes multiple production factors since they constitute the basis for comparative advantage. By specifying the ratios, one makes explicit that link.
12 With home bias and technological differences, one even obtains 91 percent right signs.
the focus on North-South (and North-North or South-South) is just another way of weighting the results-giving more weight to NorthSouth trade (and North-North or South-South). The justification for doing so comes, however, from the essence of the Heckscher-Ohlin theory. There has always been a presumption that the factor content of trade between very different countries will be very different or that North-South trade is the primary case of trade that should be endowment driven.
My approach therefore judges HOV by studying those cases in which the differences in endowments are very pronounced indeed. This can be justified also in the following way. It is well known that it is hard to explain the deviations from the HOV predictions and to incorporate alternative hypotheses to account for them. The recent research on missing trade has emphasized especially this quantitative gap between predictions and actual factor contents of trade. Hence, it may prove worthwhile to pay particular attention to those cases in which the endowments are very different, which is my rationale for considering North-South trade and for comparing factor contents of trade between developed and developing countries. And indeed, my results show that the significant differences in capital-labor and unskilled-skilled labor ratios between countries from the North and the South help explain the success of the sign tests in the North-South group. Alternatively, for these two factor pairs, the relative similarity in endowment ratios among the similar countries from the North or among the countries from the South accounts for the low fraction of corresponding signs.
My findings do not resolve the mystery of missing trade, yet they support a basic idea of the Heckscher-Ohlin theory. Endowments do matter for trade. There is a systematic link between differences in endowments and differences in factor contents that is most pronounced when endowment ratios are very different, even when there are technological differences. In particular, the huge gap in the capital-labor ratio or in the unskilled-skilled labor ratio between developed and developing countries produces superior sign predictions for the HOV model.
